AD-A073 534 DREXEL UNIV PHILADELPHIA PA DEPT OF CI-EHISTRY F/6 7/4
PHYSICOCHEMICAL STUDIES OF SOLUTES IN MICROEMULSIONS.(U)
JUN 79 R A MACKAY DAA029—76-6-017§
UNCLASSIFIED ARO=13906.7=CX

....... END

=

et



D

22 ;e
e 3.& 22
Il Fall

= .8
i2s flis wie

MICROCOPY RESOLUTION TEST CHARI
NATIONAL BUREAU OF STANDARDS 1963 A




- 8

————— o rps i e

/,72)! n.y-ond A47Hhckax‘/
soclate Professor

Department of Chemistry
Drexel University
Philadelphia, PA 19104 _

AA0TY3534

./”,Ttr"'\ *, 1 /.1 s //f - ’:'.; ;‘_‘V/v :’/‘, R &

S BRI el e

25,
Final Report on G VﬂAAé.§9-76-Gﬁdl74lto U. S. Army Research Office-

(3 £4~ ¢
U. S. Army Research Office Witog: X gk,

Post Office Box 12211
Research Triangle, N. C. 27709
Covering the period April 1, 1976 to April 30, 1979

FILE_COPY,

bDe

J i '\597 R

TR TR S a5 7 8,

S




\

SECURITY CLIASSIFICATION OF THIS PAGE (When Dare Sntered)

5. PEAPOMMNNG ORSANITATION NAME AND ACORESS

Departaent of Ch-istry /
Drexel University

11. CONTROLLING QF’ECC NAME AND ADDRESS 12. REPORT DATR

A fﬁi o BORK ui NT 'n’unas :

REPORT DOCUMENTATION PAGE Y o
T RIFSRY "ouSTR- AT TR L ] T R TR L CRm—
& TITLE (and Subettie) S. TYPE OF REPORT & PERIOD COVERED
PYSIGOCHEMICAL STUDIES OF SOLUTES IN Final Report
MICROEMULSIONS 6. PERFORMING ORG. REPORT NUMBER
LR ) T ESHTRACY SR SRANT NUNSENS)
RAYMOND A. MACKAY DAAG 29-76G-0174 ) ..

U.S. Aray Research Office 29 J“l: ’19:'9
Post Office Box 12211 T3. NUMBER OF PAG
[] M RESS(If & ‘frem Cantrelling Otfics) | 5. SECURITY CLASS. (of thie repert)
Unclassified
A ADIN
LE
6. OIGTRIBUTION STATEMENT (of thie Ropert)

Approved for public release; distribution unlimited

17. OISTRIBUTION STATEMENT (of the abetrest entered in Bleck 20, If different frex) Repert)

6. SUPPLEMENTARY NOTES

The view, opinions, and/or findings in this report are those
of the author and should not be construed as am official depart-

ment of the Army positionm, policy or decision unless so designated .

bt ot o e e otk e s i ” by other documentations

Microemulsions
Reactions in microemulsions

Electrochemical Measurements in Microemulsions
Igtmctim in microemulsions

P
..Htg'm——--—-u-n and idensity by dlock mumber)

Ve have investigated the utility of oil in water microemulsions

as media for the study of processes occurring at microscopic oil/
vater. interfaces. Various microemulsion systems using emulsifiers
of tha surfactant/alcobel type have been formulated. Cationic,
anionic, and nonionic surfactants have been employed, and phase maps

e =
DD ., o7 WIS womon or 1 wov es 1s cesoLETR

o A S s RN o

for seven of these systems have been obtained. Selected systems \__,.__}

sgCumTY cu-m:ﬁﬁ QF TNIS PASK (: Deta Entored)




mTY

PICA QOF THIS PAGK(Whas Dats Buisvedy

V

have besn further characterized by conductance, dye, and light
scattering measurements. Electrochemical studies consisting of
specific iom electrode, polarographic and conductivity measurements
have besn performed, and quantitative expressions for the transpirt
properties of ions in the nonionic microemulsions have been developed.
Acid~base equilibria employing indicators bave shown the usefulness
of aversge pE values as determined by glass electrode data.

The resctions of phosphate ester with hydroxide and fluoride in
cationic and mixed ca /ocuionic microemulsions show that the
intrinsic rate counstant higher than in aqueous cationic micelles.
The use of small added amounts of functionalized surfactant yields
a rate incresse of almost two orders of magnitude in catiomic micro-
emulsion.<Jhe results of this study clearly indicate the utility
of don media both for fundamental studies and for applica-
tian to problems such as solubilization, catalysis, and chemical
decontamination.
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FOREWORD

This is the final report on grant DAAG29-76G-0174, "Physise~
chemical Studies of Solutes in Microemulsions”, covering the period
April 1, 1976, to April 30, 1979. Much of the work performed during
this period is published, in press, or in preparation. This report
will therefore consist of a summary of the work performed with ref-
erences to the published or in press material, supplemented by as
yet unpublished or incomplete data where appropriate.
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The purpose of this study was to investigate the utility of
oil in vater (o/w) microemulsion systems for studies of interactions
at microscopic oil water interfaces and for possible applications
to areas such as solubilization decontamination.

All of the microemulsions employed in this study are transparent,
isotropic fluids consisting of four components and containing rela-
tively high amounts of emulsifier (10-40%). The emulsifier E will
normally consist of a surfactant S and alcohol A. The aqueous com-
ponent W may be pure water or may contain added salts or buffers.

The oil O can by any liquid which is not miscible with water such
as benzene, hexane, carbon tstrachloride, mineral oil, etc. In
addition to being mechanically stable, all of these microemulsions

appear to be thermodynamically stable as well. Some of the cri-
teria which they meet are listed below.

1. Their formation is spontaneous and independent of the method
or order of addition of components.

2. The value of any physical measurement (e.g. conductivity) at
a given composition is independent of the path by which that
composition is reached.

3. After being subjected to a perturbation which causes phase
separation (e.g. temperature) the system returns to its original
state. Thus, their internal structure may be described as a
collection of oil microdreplets dispersed in water. The vol-
ume occupied by the dispersed phase (phase volume) is high
(e.g. 20~80%0. The droplet diameter is on the order of 100-
600A, and in this size range has been found to be monodisperse.
The droplet itself may be conceptually divided into two regions,
the oil core and the surface or interphase region. Essentially
all of the surfactant and a part of the alcohol cosurfactant
is located in the interphase region. A model of an 0/w mi-
cellar emulsion droplet stabilized by an ionic detergent and
an alcohol is shown in Figure 1.
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The results of this study are interrelated to varying extents.
However, for convenience the report is divided into three sections
consisting of (1) systems, (2) electrochemical measurements, and
(3) interactions and reactiona. The first section will include a
discussion of the microemulsion employed, phase maps, physical charac-
teristics and solubility. The second section will contain the results :
of conductivity, pH, specific ion electrode and polarographic measure- ; l
ments. The third see tion will deal with indicator and reaction
studies, particularly phosphate ester hydrolysis.
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Figue 1. A modeél of an il microdroplet in an 0/W micellar em:lsicn stabilized
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ton. Sora algchol is morwally present in the oil phase,_and both oil and wacten
molacules can penetrate the interphase to scta extent.
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II. RESULTS:

A. Systems: A large number of systems consisting of emulsifier
E (mixture of surfactant S and alcohol A), oil 0 and water W have
been examined. Since there are four components, the clear, isotropic
single phase regions are represented using psuedo three component
phase maps such as that shown in Figure 2. All compositions are
given by weight. It should be understvod that the clear area labelled
C is most likely to contain two or more different phases. For example,
the region bordering the E-W line at higher water comteat (probably
above 30Z) is the o/w microemulsion region, although there may even
be more structural change in the "peninsula" on this area. The long
thin spike extending toward the 0 apex has not heen investigated but
likely represents a w/o type systea.




FIGURE 2:

Pseudo three component phase map of emulsifier E (56.5%
N-butanol, 43.5% Olin J300 nonionic surfactant, w/w), water

W and tributylphosphate as oil 0. The area C is a clear,
isotropic phase region.




In chis study, the alcohol A was normally either N-butanol or
N-pentanol, and the oil either mineral oil or more commonly hexadecane.
A fev systems employing tributylphosphate as the oil were also examined.
The anionic surfactant S was sodium cetyl sulfate (SCS), the cationmic
surfactant cetyltrimethylammonium bromide (CTAB), and various noniomic
surfactants. These were mostly commercial mixtures (e.g. Tween 4
and Tween 60 from ICI America, Inc., or B200 and J300 from Olin Corp.),
although a single component nonionic, polyoxethylene 10 oleyl ether
(Brij 96) was also employed and found to be generally the most satis-
factory. The phase maps were obtained by titrating an initial composition
oun the E-Q axis with water to clear and turbid endpoints. Similar
titrations were performed starting wiht compositions on the E-W axis
and adding oil. A summary of the major systems employed and the references
to them are given in Table 1. The phase map of the tween 40 system
is also given in Figure 3 since the paper containing it has ounly
Just been submitted for publication. Two catergories are given: phase
maps and compostions. The former has already been discussed (vide supra)
and the latter refers to Panges of compositions which were employed
but for which the complete phase map was not determined. These are
given in Table 2.

The droplet diameters in these o/w microemulsion systems remain
approximately constant upon dilution with water and increase exponmential-
ly upon addition of oil as indicated by our light scattering measure-
ments (5). Over the range cf compositions normally employed, drop
diameters are generally on the order of 80-180A.

The ionic surfactants can be purified by recrystallization, gen-
erlaly from methanol (6). However, the commercial nonionic surfactants
have been found to contain large amounts of ionic umpurities, as well
as some organic ones. The ionic impurities appear to contain, among
other things, a weak acid and its salt. These impurities have been
found to interfere not only with electrode measurements, but also with




TABLE 1. Microemulsion systems for which phase maps are available.

D T T o

Surfactant® alcoho&b / oi Reference
: scs J PA / Mo 2
Tween 60 / PA / HD 3
| CTAR  / B / ® 4
Brij %6 / B / W 5
Tween 40 / PA / MO 6

a.Sodium cetyl sulfate (SCS), cetyltrimethylammonium bromide (CTAB).
b.n-butanol (BA), n-pentanol (PA).

c. heavy mineral oil, Nujol (MO), hexadecane (HD)
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TABLE 2. Microemulsion Compositions

Mmmt' Aleoholb 01l Reference

Tveen 60, Tween 81 PA MO 1 '
Tween 60, Span 80 PA MO 2

CPB, CTAB PA MO 2

CPB . CHA benzene 2

PO CHA benzene 2

Tveen 60 PA MO 3

Tween 60, Tween 81 PA HD 3

B200 BA HD 6

J300 BA HD 6

a. Cetylpyridinium bromide (CPB), Potassium oleate (PO), nomnionic
Tween and Span from ICI America, B200 and J300 from Olin Corp.
See also Table 1.

b. Cyclohexanol (CHA), see also Table 1.

c. See Table 1.
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reaction studies. They may be removed to a satisfactory level by
careful neutralization of the acid with NaOH followed by deionization
of the microemulsion with mixed bed ion exchange resin (6). The resin
should be washed well with water, drained, and used "internally" wet.
The deionization should be followed conductimetrically since over-

treatnent is undesirable. The optimum stirring time depends on water
content, but is generally on the order of an hour.

Fianlly, some comments on solubility are in order. Most oils
require large amounts of emulsifier to solubilize (in our o/w type
systems) more than about 30% oil at any emulsifier concentration. How-
ever, when tributylphosphate is used as the oil in a CTAB/butanol system,
an enormous clear area results as shown in Figure 4. Preliminary con-
ductivity measurements indicate the existence of at least three dif-
ferent regions, as yet unidentified. Since mixed microemulsion systems
of the fonic/monionic type are usually miscible in all proportioms, the
proper solute (e.g. a phosphate ester) can be solubilized in a micro-
emulsion containing another oil (e.g. hexadecane) in very large quantity.

B. Electrochemical Measurements: These studies consist of po-
tentiometric (specific ion electrode), conductometric and polarographic
measurements. The former were initia ted to monitor effective electro-
lyte concentration and buffer pH in nonionic systems, and then to
extend tham to anionic and cationic systems in which stronger ion
binding is present. The latter were intended to explore the transport
properties of ionic solutes is microemulsions, and to serve as an ad-
Junct to ion binding studies.

In nonionic o/w systems, we have achieved a good semi-empirical
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understanding of the transport properties of ions (3). The equival-

ent conductance (A) of a salt added to a coarse emulsion generally fits
an equation of the form A/AO - (1-0)0'5, where A and A, are the values
in the emulsion of phase volume § and pure vater, respectively. In
microemulsion systems of lgw oil content, we find an exponment of 1.5
rather than 0.5. Assuming the validity of Stoke's law, a relation-
ship for the diffusion coefficient (D) of a solute species may be
derived which has the form D/D_ = (1-9)2*>. This has been experi-
mentally verified by means of polarography. Identical results are
obtained for cadmium (II) at a dropping mercury electrode and both
ferri and ferrocyanide at a rotating platinum electrode in a variety
of nonionic microemulsions.

When the oil content is increased, the exponent decreases. We
have shown that the decrease in N varies linearly with increasing
droplet diameter (5), indicating that thé droplet concentration var-
ies continuously with oil content as opposed to the previously
postulated abrupt change (3).

Conductivity and polarographic measurements have been extended
to ionic microemulsions, but s quantitative interpretation of the
data has not yet been achieved. Upon dilution with water, all ionic
o/w systems studied exhibit the behavior shown in figure 5 (2). The
diffusion coefficients of Cd(II) in an anionic microemulsion also
quantitatively follow the conductance curve. If, as mgiht be ex-
pected, the cadmuim ion is strongly dound to the (net) negatively
charged drop, this behavisr should not be obtained. Additional pre-
liminary data on other ions in both anionic and cationic micellar i |
emulsions have been obtained, but no clear interpretation '
can be given at present. However, it appears that the transport
of species bound to a drop is controlled by the dissecd:ation of
the species from the drop and its subsequent diffusion to another
drop.

" e

Specific ion electrode measurements involving Na'i’. Cl7, F~, and
n"' have been made in a variety of nonionic o/w microemulsions (1).
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Using the most naive approach, it might be expected that the overall
(stoichiometric) concentration of a simple aqueous ion (x)‘ be given by

Xy = X/ (2-9) 1)

Values of P obtained from this equation are reproducible, but con-
sistemtly low. There are clearly liquid junction and solvent (assym-
etry) effects on the electrodes. This does not preclude use of the
electrodes in nonionic systems since calibration curves can be em-
ployed. It is always necessary to check the effect of both total

salt conceantration and nature of counterion since this can have an
effect on microemulsion stability. However, without a method for
correcting the electrode response, measurements in ionic systems
cannot be made. We have attempted to perform such a correction by
employing a saturated solution of a sparingly soluble salt containing
the ion of interest. These measurements have been conducted in
nonionic systems vhere we effectivaly know the answer as a check on
the method. The principal involved is that a saturated solution

of the same salt in both pure water and in a microemulsion has the
same activity, and should therefore elicit the same electrode response.
Any difference in potential may thus be ascridbed to junction and
solvent effects. One example is the use of a fluoride specific iom
electrode in & mineral oil in water microemulsion stabilized by Tween
40 and pentanol to which known amounts of NaF were added. The mV \»
readings were transformed into effective fluoride concentrations f
using an aqueous calibration curve. Three salts of differing sol- ’
ubilicy (carz. wz and mz) were employed to insure that the

salt itself was not responsible for any observed effects. The
agreement is at least fair, as shown in Table 3. Values of (1-9)
calculated with and wihtout the correction are given in Table 4.
The corrected values represent averages of the three saturated salt
solutions. There is a dramatic improvement, but it is still not

of sufficient accuracy to permit its use as an independent cor-
rection factor. It is possible of course that similar measurements
in ionic systems are generally less severe than on nonionic systems.

e




TABLE 3.

The difference in potential* at 25°C between saturated

solutions of various salts in a nonionic o/w microemulsion
and vater using a fluoride ion specific electrode.

(vide text).

leO (w/w) BaF, CaFr, PbF,
20 108 121 119
30 85 90 93
40 60 64 66
30 41 44 45
60 24 27 29
70 17 18 18
80 10 10 11

* The potential difference is given as water minus microemulsion, in mV.




TABLE 4. Phase volumes obtained from fluoride ion electrode measure-

ments in a nonionic mineral oil in water microemulsion. {

(vide text). f

é

&

L

a b c !f

comp. 0.01M NaF corrected +

£
0.20 0.00 0.10
<0.30 0.1 0.31
0.40 0.02 0.53
0.50 0.08 0.70
0.60 0.19 0.78
0.70 0.36 0.89
0.80 0.57 1.16

a. Value of 1-p calculated from composition; l-p = wg/ where w is
the weight fraction water and g is the specific gravity of the
microemulsion.

b. Calculated from eqn (1).

¢. “Gorrected Gsing saturated salt solutiomn.
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Finally, we have recently initiated px‘ measurements of adsorbed
indicator (chlorophenol red) in o/w microemulsions of all charge
types, as an adjunct to these determinations, as w1l as for chemical
reaction studies. Glass electrode pH measurements have been made
in the buffered dispersions. Attempts have been made to control
the adsorption of the buffer by employing only (+/++) and (=/--)
charge types, since neutral buffer molecules such as acetic acid
are solubilized by the microdroplet (2). Typical results are shown
in Figure 6, and are reasonably independent of buffer concentration
in the .0l1-.04Mrange. Microemulsions stabilized by nonionic sur-
factants are more susceptible to salt effects than those stabilized
by ionic surfactants. There are not only solvent effects on the
g8lass electrode, but effects caused by the specific buffer as well.
For example, buffers with the same pH in water but of opposite charge
type give different readings in the same microemulsion. Nonetheless,
although the aqueous and microemulsion pH values themselves do not
seem to be directly related to the actual pH, the average of the two
yield self-consistent pl. values. These will be discussed in the
next section. Thus, it appears that the physically most meaningful
quantity to employ in these media is the gecwetric mean of the aqueous
and microemulsion hydrogen ion activities as determined by a glass
electrode.

C. Interactions and Reactions: The two principal study areas
consist of acid-base equilibria and reactions with nucleophiles.

The compound l-methyl-4é-cyanoformylpyridinium oximate (CPO) has
been used to determine ion binding and buffer adsorption in the micro-
emulsion systems (2). CPO is more soluble in water thanm in polar
or nompolar organic solvents, and is not taken up by aqueous ionic
or nonionic micelles. The substance also possesses intramolecular
charge-transfer bands which are very solvent sensitive and disappear
upon protomation or complexation. If wavelength shifts of only a
few nm are observed, the indicator is essentially located in the
aqueous continuos phase. However, substantial wavelength shifts
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indicate uptake by the droplet. In nonionic systems, the distribution
ratio between the continuous and disperse phases can be estimated

from the effective pKa. Thus, CPO is of limiced utility in micro-
emulsions, but can also be used to indicate possible phase boundaries.
As a probe of the droplet microenviromment and pH, it can probably

be utilized in the form of a l-alkyl long chain derivative.

A number of pKa studies involving chlorophenol red have been
carried out, as mentioned above. These have been quite useful in
probing the dielectric constant and effective surface pH. The results
of these studies (6) indicate that the interphase region of the
microdroplet in which the dye is located has an effective dielectric
constant of about 20, and that the intrinsic pKa of a dye is the same
in all microemulsions of this type provided both indicator species
are in the same average enviromment. The effective aqueous concentra-
tion of hydrogen ion is related to the geometric mean of aqueous
buffer and microemulsion concentrations, as-evidenced by the data
in Table 5.

In order to examine the factors which control the rate of nucleo-
philic attack in the microdroplet o/w interface, we have investigated
the reaction of o0il soluble p-nitrophenyl-diphenylphosphate with aqueous
fluoride and hydroxide. The reaction has previously been studied in
both solution and aqueous cationic cetyltrimethyl ammonium bromide
(CTAB) micelles. The rate in these cases is first order in both
ester and nucleophile, and proceeds according ot equation (ii),
vhere X’ = F or OH .

(<o~ 0), P=(0)-0- <'§>-uo2 + X
(@D 0, (X + “0-CT>-N,

yellow (1)

In basic (pH > 9) solution, the p-nitrophenol is fully ionized with

an absorption maximum at 400mm. For X = OH , the product diphenyl-
phosphoric acid 1s a strong acid and is fully ionized even at lower pH.
In aqueous CTAB micelles, a maximum increase in the second order rate
constant of about a factor a 30 over that in aqueous dioxane is ob-
served.

/13
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Table 5. pl(.a values for Chlorophenol Red in Various Microemulsion Systems.

e AR TR TR I TR S

System Buffer® pr pKnc pRﬂ
: A. 30% water, 0.04 M buffer, 19°C.

' CTAB pip 6.29 6.57 6.4 i
: i
e 8
CTAB/B200% pip E
75725 : 6.50 6.61 6.6 g
50/50 6.62 6.73 6.7 8

25/75 ; 6.74 6.98 6.9

8200 phos & 7.23 7.88 7.6

en 7.75 7.45 7.6

J300 phos . 8.01 1.6

en - 8.10 7.83 8.0

2 B. 40% water, 0.10 M buffer, 25°C.

CTAB pip 6.34 6.63 6.5

phos 6.15 6.54 6.4

scs en 6.27 7.58 6.9

| phos 6.60 | 7.15 6.9

E | . Brij 96 en 7.40 7.25 7.3
| 6.90 7.45 7.2 1
a. Piperizine (pfp)._ethy1enened1am1ne (en) and phosphate (phos). . |
b. Calculated using pH of aqueous buffer (+.05). %

¢. Calculated using pH of microemulsion (+.05).

d. pKk = (pK + PKy)/2 (20.1).

Mixture of CTAB and B200 microemulsion, each containing same weight percent
total emulsifier and moles of surfactant, given as percent by volume.

.




To serve as a basis for comparison, we developed a hexadecame in
water microemulsion stabilized by CTAB and butanol (Table 1). The

reaction in the microemulsion was also found to be first order (to

at least 752 completion) in both ester and nucleophile. Starting ,
with 102 oil, the second order rate constants kz were measured as a :
function of water content (4). Some results are given in Table 6.

The values differ by at most a factor of two, neglecting the P = 0.79

value. This composition is likely outside of the o/w microemulsion

range. However, even this relatively small variation can be reduced

substantially by correcting the values of kz for the effective con-

centrations of reagents. Since the hydroxide is in tke aqueous phase,

its effective concentration is given by (OH )/(1-p). Since the phos-

pPhate is located in the droplet, its effective concentration is pro-

portional to (ester)/f. Thus, the volume corrected rate constant

kz,v = k) #(1-9). The values of k, , are almost invariant within ex-

perimental error (+ 5Z). If the ester is concentrated in a thin surface

layer of the drop and if the radids does not change upon dilutiom, themn

the same correction factor holds. If the radius does change (decrease)

80 as to keep the drop concentration invariant, then the factor be-

comes ”2/ 3(1-0),. Values of k, so corrected are designated as kz A

in Table 6. These values are, on balance, somewhat less constant’:

than the kz. o values.

If the intrinsic rate constants in both aqueous detergent and
microemulsion are the same, the observed values differing only because
of effective concentration, then the ratio of the observed second
order rate constants should be given by the volume corrected values

elle) = g, OOy g :
ol !"{E_)Tkz m. eul.)  Pmiceile e i

Using the maximum values of kz observed in aqueous CTAB (42), the
experimental and calculated (equation iii) values of R are about 30
and 250, respectively. This indicates that the intrinsic rate con-

stant in the microdroplet is an order of magnitude greater than that
in the micelle. It therefore appears that the reaction in the micro-
emulsion is taking place in an average location of lower polarity




TABLE 6. Rate constants for reaction of p-nitrophenyl diphenylphosphate

with hydroxide and gluoride in a CTAB/butanol/hexadecane o/w

microemulsion at 25 C (vide text)
Hydroxide Fluoride
a b c d b c d
" ky kv ¥ ky k2,v k2,4
0c79 203 109 103 2 4.1 2-8 20‘
0.70 1.5 1.2 1.1 1.7 1.5 1.3
0.58 1.1 1.1 1.1 1.2 1.2 1.1
0.47 1.0 1.0 1.0 1.0 1.0 1.0
0.36 1.0 1.9 1.1 1.1 1.0 1.1
1.25 1.2 0.9 1.1 1.4 1.0 1.3
0.16 1.8 0.9 1.4 2.0 1.1 1.6
a) phase volume: initial composition 10Z hexadecane, 90% emulsifier
(502 CTAB,; 50Z% butanol w/w).
b) second gydey rate comstant relative to the value at ¢ = 0.5(0.13 and
0.065M 8 for OH and F , respectively).
c) each rate constant multiplied by a factor of ¢(1-p);_vide text.
d) each mate comstant multiplied by a factor of ¢2/3(1-Q); vide text.
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than in the micelle, and this effect must be more than compensating
for a lower surface charge density on the microdroplet. The activa-
tion enthalpies are consistent with this view, the values for fluor-
ide in aqueous CTAB and microemulsion (f = 0.3) being about 14 and
10 kcal ml_l. respectively. In both cases, the reaction products
are the expected diphenylfluorophosphonate and p-nitrophenoxide ion
(equation 1i).

The activation enthalpy for hydroxide is also lower in the micro-
emulsion, but by a greater amount (14 and 8 kcal nol.l for micelle
and microemulsion, respectively). It was found that the reaction pro-
duced (100Z) diphenylbutylphosphate, rather than diphenylphosphate.
Thus, the hydroxide produces butoxide ion in the interphase which is
a more effective nucleophile. This is also consistent with studies
involving replacement of CTAB with a nonionic polyoxyethyleme surfac-
taat (B200, Olin-Matheson), the results of which are shown in Figure
7. With fluoride, the rate decreases at high nonionic content as
expected on the basis of decreased positive surface charge. The hy-
droxide decreases slightly at first, but then rises and is even higher
in 100X nonionic than at 0X. We interpret this as an indication that
the base is r-'ovinc the proton from the terminal OH group of the
surfactant, which is acting as the nucleophile. Thus, it should be
possible to increase reactivity by the use of an appropriate functional-
ized surfactant or other suitable additive. The fact that the value
of k2 for fluoride does not decrease until a high nonionic content

has been reached may indicate a concommitant change in droplet size.
Finally, in connection with the use of functionalized surfactant
we have performed an initial investigation in the CTAB/butanol/hexa-
decane microemulsion system containing l-n-hciadocyl-S-pyruiniu-
sldoxine iodide (HPAI). The HPAI/CTAB ratio was 3/400. In pH 10
buffer, the second order rate constant was almost two orders of
magnitude greater than in the CTAB microemulsion with no added HPAI.
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SUMMARY :

In this section are summarized some of the results and conclusions

of the study. These are only meant to be used for quick reference
and do not necessarily represent all of the work performed. For more
complete details, the body of the report and the papers in the bib-
liography should be consulted.

1.

2.

3.

4.

S.

6.

7.

A large number of oil in water microemulsions containing sur-
factant/alcohol emulsifier mixtures have been produced.

Two anionic, three cationic and nine nonionic microemulsions
with mineral oil or hexadecane are reported, as well as one
cationic and one nonionic system employing tributylphosphate
as the oil.

Phase maps are available for seven microemulsion systems, one
anionic, two cationic, and four noniomic.

Of the oils examined, tributylphospbate exhibits the largest single phase
region. (CTAB/butanol system).

Quantitative semi-empirical relations for the transport properties
of ions in nonionic microemulsions have been developed. The
equivalent conductance (r) and diffusion coefficient (D) are
related to the phase volumes (#) by 1.'--1:0(1--1.20)ll and D-Do(l-ﬂ)nﬂ

The valve of n (above) is 1.5 at low oil content, and increases
linearly with droplet diameters.

The droplet diameters in the nonionic systems employed here have
been determined by light scattering to be in the range 80-180A.
The diameters vary exponentially with oil content.

Glass electrode pH measurements of aqueous buffer and microemulsion
may be used to attain pH, the average of the two values. It
appears that pH is related to the actual hydrogen iom activity.

AH




9.

10.

11.

12,

14.

When both forms of an indicator adsorbed by the droplet have the
same average location, the intrimsic pK. is the same in all sys-
tems of the type examined.

The effect of ionic stremgth on PK, is negligible in ionic micro-
emulsions and very strong in nonionic systems, corresponding
to an effective dielectric constant of about 20.

Phosphate ester-nucleophile reactions are accelerated in cationic
CTAB microemulsions. The intrinsic (phase volume corrected)
second order rate constantsfor hydroxide or fluoride is greater
in microemulsion than in aqueous CTAB micelles.

In phosphate ester-hydroxide reactions, the attacking gpecies is
alkoxide. In nonionic surfactant systems with a terminal hydroxyl
group, this leads to rates greater than in cationic CTAB.

The intrinsic rate constants for the phosphate ester-nucleophile
reaction are independent of phase volume.

Use of added functionalized surfactant leads to an additional
rate enhancement of almost two orders of magnitude in CTAB
aicroemulsion.
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